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'rh1:J paper present3 an efficient technique to sol ve the problem of 
gener at.ion expansion planning within (l reasonable computatioo tll.,wden . '.1,e 
Pl'OP03ed technique is based on the decision t r ee apprODch i nstead of the 
cur, en':ly used techniques of mathematical pr ogramng. 14ew concepts balled 
on the natural propertie:s of t he probl e!:! <lrc developed 1,.0 II11nioize the 
COIllIX.Itatioo 1-'lr den by making the dec ision tree in the minimal size. Th@ 
solution technique satisfies the cur rent objectives of strategic planning 
and is c~p.1ble of modeling the variQJs uncertaint ies i nherent 1n the 
pr oblem of acnerat ion expansion planning . 

INI'ROOUCrIOti 

Generation j ystem planning is one of the roost crucial step!'] 1n the 
npanlJion planning of iI IOOdem electr ic ut1l1ty. Deci3ioos made a t this 
stage have tremendous effect 01'1 a ll other phases of systelll eXiXlnsion ana 
dictate the financial postu,e a utility mJSt assune . The generation 
plonning probleu (OPP) ailll3 at deten:d.nlng f or each year of the plannlng 
horizon the ~omical type and s ize of generation plan\::) W1ieh :!hould be 
constructed in order to satisfy a region 's forecasted dem:lnd for 
elect.ricity with :opecif1ed COI'lStraints . L"I broad terms , a suitable 
generation e:cpansion plan rrust provide the utility with t.1e capobility of 
fleeting customer nt..'eds for reasonabl e price , clean , and reliable qU3lity 
deet.ric energy !5OOrce . Choosing a genera t ion expansion plan allXXlg lI'.any 
available alternatives tu a complicat ed problem 3ince all ut ill tiej must 
s trive for the best s trategy in an envi ronment of uncertainty. 

The problem of generat i on pLanni ng nas been studied e xtensively u:dng 
mat hematical prograaming t echniques [1 - 7] . The forrulation of the problea 
In mathemat i cal t e,rnIJ h08 boon ~idcly u~ed by DD3t of the utility planner s . 
This problem was rtrst for ll1Llated as a linear program by liasse and others 
(1] . Althoultl the nonl1n~r pr ogracs (2 , 3] are roore diffi cult to 50lve t he 
problem th"n liMar prosr~lIlC , tho), can take t nto Ilccount all of the pnmary 
economic factol'3 i nvolved in the GPP. ()J t their l~ computational 
efficiency has requi r@d cons i derable aggregat ion of the investment declsion 
variables 0, shor t_ning the pl ono1ng hor11;oo. Other combi nat orial 
prograaming methods applled to the GPP are:-

1- the dyna .. 'lic prograaming [4 .5) which appears sui table for solv1nS 
probl~ with ran<lom voriables up to t hree or fcor variables, 
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) - Evert ot.her ned!! t n t.hP t r ee hllS cc ctly one p!II ren~ . 

The root node repr~~ U:e edll\.IIl8 &en€!l'"3tlr16 sYBtltl at year t_O beforc 
any e xpansion . The ~.sSOl"1ll to the root ~c are placed t:m.ed1"tely OelOlt 
it, ond aros arc drown fl"CDl the root. node to .:ilOO nr the successors. The 
root node and it.s 3UCCes I are known as the " top nodell' '' or the t.ree . The 
process is then repeated rOl" t::lc.'a of the tlUCce,,3OI'" to tile root node . The 
purpooo of a decl"ion t .. ee 13 to repre5eTl\. ::separar..ll eaeh of the possible 
paths through the ~t.ate space of the pUlnni.~ pr OC<:llS; thllt t" (! "eqw.:nce 
of I»eision nodes, ~e olq)On.tIiC%l or I~ratlon of a planniflg tree 
ten:l1nete" wIth U\ose dec1310n var iables t."lat do not hnve SUCCe,,:!Or3 ; a 
~l'IIl !'lOCI. l!'\ a deoinOfl tree is orten refer-r ed to a.s a =.lp n(de. Each 
deolSion 'fer-i able 1s denoted by 0 Cl , " .. ,II, n) uhere :he il\~cr VLr~IDle 
to the rlgJ.t represttrlt t.'¥ In<1ex the deoisi cn f;:ni:y of ';.~ COIl31dered 
~slon arlO t.he oo j:XX!nt voriablell (frOl ~1 t to :ert) represents ';he 
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:Il.u~cessor~ wh1~1'1 r.ovo be«I t8de (d.Moendant of th~ r"OClt 'lOde). 1tM IJ..d)er 
of vll rl abl.. 1a nn 1nC:!'CUUOIl to the reer ftt \Mien :;he aec1.alon h:a been 
~.n tn tne tree. In thu m~ each dQC1J1Qn variitblA U untqu"ly *!1nec1 
inthw tree. A~.ch pall) In the tree can be donoted by '"kU.: .... Il. n). 
ltll:! path Inolutlee tho 6tti51on \(1,J . ... ,IJ .n ) and ftll pel"e'lt. ~ect310.,8 . To 

treat the Wlccrtair.ty . the 4r:c1!l1c:n tn. 1.1 dJ-cted co I'ach G:.ate ~ ~e 
It = 1, .. . , ;C . fli.(I).sbaIo;a a decl:sion t rec ClUbjOeteCllo •• t .. t. k (. 
3Oe. .. rlo) ~1c:1 repre3~t3 the &~t10'1 pbnnlng O&<lillion l:1l'bbl~ 
(pbnnilli :state space) fa' a look !!bella period of 3 y_n. 'r."If' dee~lQ1 
IIIttrlbuta (criter ia or DUitS ) wnien :.:s "oceted undcr the ~'--ia! n~ 
Ire caleuloted using different mdels described In the r'IfIX l ~t10f\. 

The I'l!ljoI' OKIViint l f,e of the declGiCWl \.rev ,. the! tl\3ttJ1t.3 tMt cen be 
pined throuch the pbnnina prooe3S. Thc:lc insight. Inc:'","- the 
Idcn<;:!.(1catiOf\ of Il ternat lve 5tratec;I_ . analyst.'! called f or t.o o id e3ch 
deci:Slon, oritical unc~rt.llint.l e.'! GIld aoetli:x1 varlabl.s. ticn!: ~~ 
coc:o.1t.:.int (::ec:.1.~ lon l points and ~ta . and hetlpn, IItrotegl.1 ~alnst 
u::cer~lntles , 

~Mltl\'lty IInlIly:s js is an lfportcnt t.tl.ldy In the ph.nni"G p"1'lC":I3.lI'Iocr 
unoef'tainty. lbr:re :1l'e two -asur es that ha'/e 0 grCQt OOIlc&rn in tt.c 
senol';lvlt.y analy,tl . Thooe t~ measures ~re flel tbtlity nnd rcbu~tness . 
'l"1'"Y 81'0 dH fl w lt to ~tlf't. Hali bUt ::.y ~l:es ;J :ow rl,)$t reo:· chanlllr.! 
a plan ill resporl.'le to ~~ In t.he underlyilll un~tll1:\t!.~" ':':"-,l:l UIln bto 
1!II!1~oQ by ~rins the beilavic rol of t.."lQ decla.OIl ~I;<l ;attrlblt.l'! vlu"lllOletl 
lilIsochte<l wtt.h 03 cer' t a in pilth undt-r t'oo-O :It::r; .• h::avl':g .. conrttc~ 
dlf!"orenc. In thei ,. emienoJ:l vorl::bles . Rob..ls:n~.", 1.~1;f!:S t.Mt. Q plan 
~~ not need t o be tIOdi!"ied QVf'- 3OtI!IC rea:lOflJblQ 1'"4nl'll of WI' l!f' ~iIIi.,tles. 
Thill can be ~red by ClQIIPiIr!ng the be'\!IYIQr$ or tho deQI:;lOl"l .. nJ 
I ttr11:lU t.e Y<lrlabll!!ll as5Ol: i atel'i w:I:h 0 oerta~n pa~h ;moor two st~t<.... -;)v\n& 
a r5SOM1I1e d~r!'crenoe i ll thei,. !iXogertCJ.J."l verlOClle$ . 

fU)fl.I)(j m! CirrJ"'f..RIA Of' t£R.!TS 

(Att.r1b.1te Calculolt::..:m:s) 

!hoe 1n~_tQ!'l\':; ll«isiOJl J:atterlll and quallttes or reol1:::co p':' .. no ar:! 
ar"er.tell by mny f~a's ,:.M:h as the ocst of v.r.peclcd ~..... ~rat1on . 
syaldl r.l1abll1ty , !"1~. and Oatnd rO!"I'C~ot . 7.1'lSO f::a:t.o:"S 1JOI~t.i:ut.e 
tne cr1terh of oerits i n the ~at1C11 pl .. Mill8 . 

SilU l attcn modol of the eeneratlcn ~S~ 

The ::Ii:1Il.ot.ton I:Ddal provideo the planne,. with a proo.bilbtic!ICthod c;f 
.... aluatlna the mjor factora reuted to t he proouc tion ooat. .00 reliability 
or the jeneration .'!Y3t.ea1. Th:i$ codel ~_ the .,rabebil1St~e product i on 
a)8ttng tecnnlQUe9 [9 , 1:>] .. nd the:aet.."'.od of CI.I:aIlanlls [1 1, 12j t<) .!illllllte 
the effe(ll5 or lenerllUng unl~ rorced (lUulea . Tho aDclol pertQl"'t"lll the 
di:spotoh unda- upper and t.:.'er lUlita:;1anI!I (lfI fUel U$ftg~ ~ :set by the 
planne,., The tllm.1l.at.lcn DXlel 00031"t.o of tl.lO lltagea. In the fi,.~t s toiC, 
UM! 1* w r vl!ll ::Jhculd be mdlfied to caubte the operation of t.hu I10Il
t.I'Ioenrol rolcurces (hydro, p.qrped :swsge , wi ll<l, aoar). 'Ow , the 3nl"lUal 
th.-l load durntion curve can bit obhtned , In Ut. aeooo,J St.lge. the 
el"pocwo , _ratioo of the thl!l'mIIl unl tG within the veer oon be .!l iDJbUd 
bV the pobebtll:stle eoovolutlon technt que [1] , III]. The outputs of this 
sl:t&1I Ire the oxpceted "'flen~l:::n of eacn unl~ 3/ld tn. t wo l ndi 0e5 of 

• 



HaJ'l3cura Bulletin Vol. II, lio. 2, DecerJber 1985 L 113 

$y~t~ r eliabi lity ( the loss of load probability (LOtP) and the expected 
U03erved energy (Uf ) ) . U~lng the3e reliability indices , the plnnnef' can 
ea.s Uy check that they ar e oot oot31de the boUllOarles of the rcUabU i t)' 
cons tr3int . 

'DlL-Cost lbde! 
:tie coot!rOdel provi des t he pla l'mer wit h a metr.od of readily C'C:q)arlng :u;d 
evaluating gener ation aU.emilt iv~s by i nccrpor8U ng the rele\'ant copitol 
costs l,rlth t he estimated variabl e costs. Also, i t allcw3 to examine a nd 
analyze the ftnatlclal in;>l1cations of an indl'/i dusl project or a n enti re 
construct ion prograo. To evaluate the total pr(!sent 'Ialue 3ssociated with, 
a par ticular expan5ion plan, t.'1e cost coaponen~ t o be con"ldered ra" the 
ovorall expansion plan are the r ixed (capacity) coo t, the variable 
(produotion) cos t, and tho reliability ( un~rved energy ) cost. 

The coot of u new generating plant c:orres f rom ne'-l finar.c 1ng through the 
sale of hoods and debentures referred to as debt financi ng and f roo t he 
sale of <:CIlIIOf1 end preferred stocll:, referred to 33 equity f i nanci ng. The 
return (the llICIney that the ut ll ity m.J3t pay f or the use of both debt .. nd 
equity money) 10 allowed us :I re~enue requireoent f or r ate-maki ng pu~~es 
and 1.3 a pert of the fixed co:st associated Wl t h an 1ovesUoent . T."I8 other 
eoqxxl(lIlt~ of the fi xed Cl:»t wh1e~ are calculated through the scr'lioe Ure 
period Inc l Ude bock depreclal.1OIl, federa l and l.ocal i ncome taxe" proper t y 
taxes , end insurance . 
The fixed cost of unit tin yeartb 

re
1
(t) :. Felli 

3~ly gt 'len 

11 UC i, 11 l C
i 

bYi 

(1l 

.mere fCR
I 

13 t.'le l evel1zed fixed char ge rate of unit. 1, whi ch tl!! 
calc-.l l ated by con.:siderl ng the i nte rest r ate , cap1t.a l recovery 
[actor , debt r epayment , equity return , ceprecl:ltlon , inco:3e 
tale" pr c::perty tOlxes , i nsur ance, etc .' 

OC
1 

i.:s Ule unIt co.st of unit i ( t/MW) , 

IC
i 

18 tho unit installed capac i ty (I·fll) •. 

The SY3tem annuDl f ixed c03t 1n year t aSSOCi ated vi:h a cecls1~~ 
D(1 , j , •. , ~ , n) is iivetl a, ; 

I 
rC (D(l IJ", IIlI , n)] ,. F'C(D( i , J ,. · , V J ... x rci et) 

1=1 • - (2) 

\lher e, I is thQ rJJmber of new units added to the system 1n year t 
associated with the decisi on D(i , j , . . ,M,n ). 

r oe proruct 1on coot of unit 1 t n year t is 3i~lY given by : -

• - (J) 

where, f'F
1

( t) is the fUel c03 t of unit 1. i n year t (S) , 

ox.. (t ) is the opcrztinc :lOd ':I;J. i:i t.enance cost of I..:ni ~ 1 irl year t ( $) . 

55i {t l Is the other variaol e COSt::; (supplIes , taxes, supervislo:l, 
. •• etc . ) of unlt i 1n yeat t ($). 

~ese ls~ three te~ depend m&inly on the expected enersy ganer &ted f rom 
unit 1 and they are calcula t.ed u3ing t he 31wbtioro n:xJe1. The 3y:st.em 
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annual vari able cost in year t assoc iated wi t h decision O(l, j , . • ,m,n ) 15 
given by : 

r 
VC[DU , j , .. ,m,n)] : :z: PCt Ct) 

i: 1 
$ 

where , I i s the nu:uber of units exis ted 1n year t associ ated ',.lith the 
deci3ion D( i ,j, •• ,m, n ) . 

The t hird component of the cos t i s t he r el i abi li t y cos t of power 
shortfalls that might result under s t ates charact eri zed by unexpect ed high 
loads e . g . , undul y high demands for back -up electricity by sol ar heating 
and cooling customers , and/or l ow power output of solar gener ator s _ or' 
due t o a major fuel supply dis l'uptions , The system annua l reliab1lity coo t 
1n year t ass ociated with decis ion OU , j , .• ,m, n ) i s gi ven by 

UEC(D(i , j , • • , m, n)]:UE(OU , j ,., ,m,n ) ] * UEF (t) $ --- (5) 

lrnere, UE(O(i . j •••• m,n)] 1s the system .:mnu.ll uns(!rved ~mergy cal culated 
usi ng the s ill1Jlot 1on model tl1 tll consider i ng the decis ion 
D(1 . j , .. ,m,n ) i n year t , 

UEF(t ) is the cost of if.1Ii of unserved energy ($ ) 

nu~ sys tem annual total cost in year t associ ated I."i th decilsioo 
O<1. j " .,m, n ) i s gi ven by; 

ATC( D(1 , J , .. ,m. n) ] :FC[D( i , j , .. ,10 , n ) ] +VC{ O(i , j , .. • m. ll) ] 

+UEC[ O( i, J , .. ,m.n ») s - - (6 ) 

The system annual present worth in year t associ ated wi t h deci3 ion 
O(i.j " . ,m, n) i s given by: 

PH(O( i , j , •• ,m,n) J=P'.olF(t) * ATC( O( i . j ••. • III , n» ) $ -- (7) 

Ifnere , Pi~ ( t ) is the present \/orth factor of year t. 

Then the t otal pre3ent wor t h fOr t he s ystem over 3 per i od f r om year t=1 
~lrough year t:T a3sociated with a path P(l , j , • • ,m, n ) is t he sum of the 
s ystem pr esent worth associated uith the decis i ons included i n thi s path 
and i s gi ven by; 

Z( PU,j,., ,III,n)] : !'WeDO») + PH( O(1 , j» + • •• •• • + 

PW [ ~O, j , . . ,m ) ]+PW(DC1. J , . . ,m.n» ) S -- (8) 

F'inancial Hodel 

The financial model provide3 the pl.3nner wit h the financial 1nfon:JaUon 
requir ed to answer the follOWing question : can the utility fu nd the 
expa03ion pr ogram with no cash nO'..J deficit? Lt: . is an expansiOf' 
alternatlv~ financial! , infeasible? 

~:"ough the construction period of each genemt1ng pl::rnt , the :rain 1tem:; 
calculated ar e cap1tal expendit:Jr~ , corustroction work in progr ess (CWIP ) . 
allowance (or" funds used during con:ltroction (AF1Ioe) , 'lod Lnvestnlent tax 
credit ( ITe) . Al~o ! ~~e model dSsists the planner to do financial planning 
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The system reliability as an attribute, which 1s evaluated by the ~~ 
reliability indices LCLP and ut, associated with a certain decision 
\'orioble is determined w3ing the silJl.llatlon model. 
Let .t and f!. are the LCLP and the unserved energy levels irrposed by the 
utility planner , respectively . 

Thus f or a decision D( i ,j, .• , n , lIl) in Yel:lr tj 

if 

aod/or 

La.,P[D(i,j, . .,n,m)] ~ 0( 

UE[ D(l, j , . • , n,m) ] ~ f3 

Then , decision D(i , j, . . ,n,m) is reliability infeasible and can be pruned. 
Toe syatem financial statement , which is affected by the financial impact 
variables ~uch 83 dividend payout , new financing required , rate relief 
required , and interest ooverage . associated with a certain decision 
variable is determined using the financial model . Thus , if these are out of 
the allowable boundaries and/or their l mpacts cause a cash flow deficit, 
then thi= decision 1s financially infeasible and can be pruned . 

The system environmental impact variables , such as air quality , water 
quality , sludge production, ash pr oduction , and noise, associated with a 
certain decision variable are detenmined using an environmental model. 
Thus, if each of these variables is greater than the standard level imposed 
by t.'1e utility planner , then t..'1is deci!lion is environmental infeasible and 
can be pZ'·uned. 

Rule 2 ~~ion of the uneconanical paths 

The search routine through the decision tree is directed to select the 
series of declaion variables which are feaaibl e and cost effective. The 
economical dedsion variables are those which achieve the object! ve of 
Jlinir:um total present 'WOrth over the planning hor izon . These decisions 
construct the opti1lBl path . To judge that a certain path is cost effecti'te . 
there is a need t o a relative comparison with another path . Also , to 
minlanze the size of the decision tree , it is required to identify which 
path in certain year would be the most economical one "'. r.t . the overall 
plan . Actually , this 1s not poG3ible in the practical problems because, for 
example, as each new generating unit is ~dded t o a system, it h~ the 
potential for llDdifying the coot con:ponents (variable and fixed) . But there 
Is a possibility to know which path is the cost effective one in each 
subplan tenninated at each specified year. This path can be de.(ined as the 
.3Uboptlmal path for each :subplan . There 1s a possibility to determine when 
each suboptimal path becomes uneconcmical path in the future. So, a 
reference path can be taken into oonsideration in parallel with each 
suboptimal ptlth to knCM lihether i t rCimino suboptirool or not in the future 
year8 by making economical conpari80ll between the total present .... orth and 
~le C08t components associated with the suboptimal path and those 
associated .... ith the r eference. If we are in the start of the planning 
process, t he fi rst pat.' in the tree is considered as the suboptimal path 
and the reference path is the next path where all paths of the tree are 
indexed from right to left. 

Consider we have the two paths P(1 , j, • • ,m,n) and P(ro , i , .. , n,1) in year t 
wher e; 

Z(P(i,J • .. ,m,n» ~ Z[P(m,i •..• n,l}] 
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Then , P(1, J, .. ,m, n) and P(m , i, . . ,n,l) are con3idered as ~e subopt~l path 
end the referenc!! path respectively . ilO'... . let F'(t) be the difference 
bet .... ~ tht: tgtaJ. pre,1ent .... orth o3Uociotoo with P (~. 1 • •• , n, l) an:! tha:. 
associated Io lth P(i . J , .. ,m. n) in year t aS i 

fCt ) = 2( P(m , J •• .• n . I)] - Z(PCi,J , •• ,m,o)] 

Caq:>artn between the total present worth associated with the:sb: tyO paths . 
one of the following cOllditiOl1s may accur: -

1) If the difference 1ncreases annually as; 

fCt) < F( t~' ) < F(t+2) < . • , , , , 
Then . there 1:1 no chance for the reference path t.o be econc:mically 
e~fe<:tt \'e and thull Ci,l1l ~ terminated , This condition may occur whcn the 
rpferencF' patll c~es gener ating system whi ch lncludes generating 
units of higher ruel pr ices or higher cap i tal costs . And i n turn , t he 
next path enn be considered as ~ new r~ference pa th . 

2) I~ tile niff e rence decr eases annual l y as, 

F(t) ~ f(t. l) ~ f(t . 2 ) ~ ... , 

Then , 11 brea), even point Will be obtained ond after thi!l point thl'! 
r eference path 11111 be economically effe<:t1ve t han the suboptimal path . 
T'nerefgr"c , thc s uboptir.nl pa t.h c:m be tC!l"Td nated , 3nd henee the 
reference path can be conside:-ed as the new SUbopt imal path and the 
next path can ~ considered as a new reference path . 

3) I f the dLfference alters a nnually , then, neither cr these 1;:.(0 paths 
can be tennln3ted until the end of t he pla nni ng period . The path which 
is not. terminated con be ~idcrod as the suboptir.la l path and the nex t 
path can be considered as the reference "ath. 

Select..!~_or~~!!_~~~~cal e!~.!!:~_~~=_~ulval~~~_e~ 
In the decision tree of generation pl anning, t her e 1~ a possibil i t y t o 
select t hQ meat eeononucal path from t hooe which or o charact(JrlzQ(! OS 

equivalent paths . T'.iO paths a re equivalent if' t.hey have at the enn 0:- each 
path the zame criteri a of meri ts (lllStalled capac ity . annual va)·table c:ost 
and )·cliabil.1ty indices ) . Actually, each of the equivalent paths cOrltal.ns 
~~e s ame ~ystem of generating units . Each syst~ of generatlnc unl~$ 15 
added to the util ity in diff e rent s equence5. The contr i but ial of eacn 
equi valent path t;o t he :l )"o tClll instolle<j cop!:Icity , total vor iable C03t ;;;00 
the sy3tem )'eliabUity lndi ces will be equal dur i ng the next period of 
plann ing hcrizon . Therefore , an econocaical c~arison among these
equ1v,}:ent pot~ wi th. 0 :ltotic look uhc:ad ut t he and gf «Joh puth is Qui t.~ 
enough to decide .... hich path 11 111 be ecor.anically effect! ve in t he end of 
the planni ng hor i zon i nstead of using dynamie look ahead for the reaolni ng 
:,Ql"1<:on i o thl) plen . 

For the t»o equivalent paths P( .. , i. ID,n ) a nd Pt . . ,i.n , I1I) . there a re only 
two possible condition3: _ 

8) The first cond ition yields i 

9 
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(plar,s) can be gener,l!ed pnd r~od with ru?ect to ell st"tes . Th .. 
)JI"~ tcehnicpJe deVl11op3 the d~i31on t r ee t:OIloep~ to nct l:I an elCpert 
"l'''~ llI>~ l1 c:able for ~olnnll tile gooaraUaI phMinS IlroblCtll. Thh e¢ert 
~ysuem conaiats of; -
\l A )(:lOIfl'ld!Je tla:Je (or :mcwledge sQUroe) of doIOin C;octs (lr.1I h...,rlstl,:,a 

~ela;ed ;11th the generaUaI pHMlnQ ~roblllll'. 
2) All inf~"f'l'IIoo ~roceCure (or CIOI'I~rol 3t!"'l.lCtu~) for- It t, llZlnlt t.fle 

kri(Wlcdgc 'oo:le In the solution of the 1I"""ratlon pla~.n:nl!. Drobl~"" , 
3) .\ :oorklll1! IIUJJIi' (or global d~t ... boue) for kCCP1n8 t rade of ';.he p~obl~'" 

9t..::1W~ , the inp.1 t cata fCf' t .... e parti.::ul.ar p:'o!llKl. ,IIId ItJe ,., l"v"r .• 
hbto:-y o! >that. h!I!I bee:) done. 

Test. 1I1'~ 
fJ'PLl CATIai:l -----

r..; an ,x_le, consl<!l!r U:e gor;era t ion planning ror a " Yilt.:. b3:1ed or: 
t.t.e Ent Synthet.IC Ltl:lty - !)" (15) ""100 .::urrentl~ ha:l j2 "Ullt.;rojll .mLts . 
aes::ll"ibed 10 t.able 1. The p1.:l<1nlng hcchon is n''1e years beginning in ~990 . 
FUbJ~ iTU'lUl1htion ~'Q~U escalate at ar. annual r ~L/;! of 61. , .. no ruel ~t" 
Jt ,. ~a' ura:uUl:l , 6. 1~ !or <'XIel-<ler[ ,·cd Uquil!S, 6.7~ fa' conI. a n<:l i . ~: 
ror oil. n.e """-6ency enet"or .:cst is 250 1I11011 wi~" 8'1 alV1\lal g:-a.'th ntc 
.J I;""; . lI l! lscou"t ral.e of 15~ is u"oo in co:1P~ti::tg present va:uOll . 
:-a~le 1 gly"",, t hr H t~5 of alt"r~DtlVf) unlU ~'IIkh ar~ OVlIllnbl .. ror 
lnstulat l Oll In ench year, 8 light ,,~tc,' noolea.r rl\3c~or , all 011 bu r~l "" 
~iMd. cycle unit , a !ld a c(DCllS t ton turbioo w r llt ll& ::oal ....Je,.ivO/O l!qul(l3. 
tabla 2 4"lOIf" the forec:B3tcd loed da:.a . GoIIlts are ';;aseo on IlroJ"",tiOM (.,.. 
19Sc.: eseeilltcd to thn beginr.lnH 0( the plor>ni ng horu cn. 

Dc5crl?ti on of s~~~ 

The pl":IIling process 1:1 dedgned to explore alternative onlrze .. of ~t~on 
that cwlJ 31.'Old ttl! errect. or tI'\e flJtl:ro un<:en.a1" event,.,. Ca.lculat1OM of 
tt'.a fi'lllllCll11 l.ql:lCU en thc u~llity rn;n that """Cl t , and the poUonthl 
.. lt~",;I ·le9 (loTI! ~&l!ry inpuU to the \1(:0[1110 1, ra;lioIi ng pro<:es~ . f oo,' 
dlffere"t e~cmt" (soanarlo.s) are an;llyzed :_ 

1_ 'Iormal op!I~a~Lon of aU " nit.". 
2- 501. cw-at.a o r II tau 1.1'11:' , 500 If.l coal uni t , bettl:tll l::t& In 19SiJ . 
3- ~l ruel .... ppl.y. 
!!- 10$ oil d!3r-upt1on ~\nnin8 i n 19'911 . 

In the tlrs; cau, it ia auu:ned tl>3t all pern i ts ano:: license ~_ .. u 
are rc .... l ved tn ~lme t.::> 11:.1"", norl:1ll1 operat i c... S~rlQ 2 de?lets tr.e case 
~ it b appa.--e:lt th3~ a r eQuired [Wdtficati ",,~ l.n the lJ~ it ea"r.ct be 
~let~ 00 tl.o:o:t all(! the unit ~re deratoo t o cnerK the :m.ot dOom (lnte . 
In tt' .• thi r~ "vent, i t 1s a9:;umed t.hat. all rrlQ~ lnld ~.w.mt.s of tue: lOre 
a u llabl", ~nd there 13 ..noogh a:.ook . Scenario ij 1l:1<!r\!'S:JeS til.. ri:.aM l.al 
1.'l;1li<: : on :. .... utill~y fraa 1 lOS 011 durupt1<rl be,3inn1"g In '9<)11 . 

5e-~:1!:I," 

f.s It Is tOr- 301)' utud y, the ,·e,:,l.llts are ~ol1d only to the e~ t""'t th .. ':. 
~:UOll!lble a~".,;.tioo.s are .....c!e. The tota l ~r of 0XIde1 ruN: t,.o fully 
q"' ~nt i!y the ra,'1!:e cf o.m<:ert8i nty i n U", input .lsSlq: tlon:!!.:! equal t o 
t.he IJ.IDber or VO"lbl .. "'tetes t.1at nil)' oeeur. n-... i np.lt. l oad ~3w::pt1on~ 
are :!elected to te3t t ilt! lIC!1::r.ith l.~y of the rnult.s to chang".$ in t-h'l"lc 
a.$3,-,tlons. The 3elec:tiOM <l,.., ~cIe boa sed on the anticipated ~.eNl i~lvity 
t o ah::.n8e, In th"". aU\lll:Ptlons eJW.I bcc""5e of Che <:egree of ~l!I"tai"~y 

" 
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Table 1 Significant i nput unit data 
,-----,---- -,.--------T----------,.------ , 
: Type : Size : Copitol : Operating : Forced : 
: : : I Cost I OJtage : 
: : (11' .. :> i ($/I(WII ) I (Mn.t.s/KWH) I Rate " : , ----------------------------, 
: Conmi tted and exi sting un its I 
'---------r- --r---------r------,----' 

Nuclear 1200 I : 10. 41 I 14 . 9 
( total , :: 
2 units) (21.100) : : 

Coal 
(total , 
12 uni ts ) 

Oll 
(tota l , 
9 units) 

600-200 I ' 117 . 88-18.93: 15. 5-8. 1 , , , , 
(3600) : I , , , , 

800-200 11.15 . 68-1.19 .29117 .6-8.1 1 , , , 
I I I I 

: (2600) : : I 
I I I, I 

Ccmbust1on: 1 : I 

'l\Irbine: 50 : 61 .57 ' 10. 5 
(total , i : 
29 units) : (1'150): I 

I " I ----------------------------------------, 
C()nd1date units , available eacn year : 

,--------,.-----,.--------T-------,.------ i 
:Nuclear : 1000 : 1818 : 10 .41: 14.9 : 
, I , I I 1 

:Combined : : : : : 
Cyc l e I 300 ' 764 : 38 . 31 : 10 .0 : , I I , I I 

1 Co1OOustionI : : : : 
: Turbine) 100 : "53 : 62 .22 I 10. 5 : I I ~ _________ l ___________ ~ ______ _ , 

Table 2 Significant input load data 
I - --r---------"-T------, 

F'or ecast : : I : _===-_. ___ Year !_Hi Range :~Ra!!5~_:~ Range: 
Energy 1990: 43000 43000 43000: 
( G'tn:t) 199" I 5231 6 51071 49849: 

Peak Demand 
(MIl ) 

1998 I 61202 58604 56 104 : , , 
1990 I 8250 8250 8250: 
1994 I 10031 9798 95641 

I 1998 : 11742 11243 10765: , __________ , __ 4 

associated "'ith each 
k (k = 1, .. . , 12) , 

one. A description of each model 
is contained 1n table 3. 

run , for each state 

Results 

The present worth is selected as a financial parameter to analyze the 
potential impact of the vari~s scenarios. The total present worth i s 
selected because it represents ~he prime objective. The s ignificant output 
results ar e pr esented in tables 4 and 5. Table 4 3hows the associated 

12 
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